INTRODUCTION
The early Paleogene was dominated by a global greenhouse climatic state punctuated by abrupt, transient warming events known as hyperthermals (McInerney and Wing, 2011) . These hyperthermals were each less than ~200,000 years long and were associated with perturbations in the global carbon cycle (McInerney and Wing, 2011) . The perturbations are manifested as negative excursions in stable carbon isotope records from proxies hosted in both marine and nonmarine strata (McInerney and Wing, 2011) . The Paleocene-Eocene Thermal Maximum (PETM) was the largest of these events and occurred approximately 56 million years ago (McInerney and Wing, 2011) . Although identified at many locations within marine strata, there exist only a few locations in nonmarine strata where the climatic event has been identified (McInerney and Wing, 2011) . This study sought to extend the geographic range of these localities by developing a bulk organic carbon isotope record from early Paleogene strata in the Hanna Basin of south-central Wyoming.
Bulk organic δ 13 C values capture an average value of organic matter, mostly plant debris, preserved in sedimentary rock (Benner et al., 1987; Wynn et al.,2006; Wynn, 2007) . These carbon isotope values are useful for tracking changes in the isotopic composition of atmospheric CO 2 as well as a range of ecophysiological conditions experienced by plants. This includes water stress, photosynthetic pathway, and plant type (Farquhar et al., 1980 (Farquhar et al., , 1989 Arens et al., 2000; Jahren et al., 2008; Diefendorf et al., 2010; Kohn, 2010) . Additionally, post-mortem alteration of bulk organic δ 13 C values can occur due to mixing with refractory, allochthonous carbon and various diagenetic modifications as the organic matter experiences higher pressures and temperatures at depth (Benner et al., 1987; Wynn et al., 2006; Wynn, 2007; Baczynski et al., 2013; 2016) . Thus, bulk organic δ 13 C records tend to be "noisy" relative to other carbon isotope records such a n-alkanes, marine carbonates, and pedogenic carbonates (McInerney and Wing, 2011) . However, bulk organic δ 13 C values have successfully identified the PETM in nonmarine strata in previous studies (Magioncalda et al., 2008; Foreman et al., 2012; Baczynski et al., 2013 Baczynski et al., , 2016 , and bulk organic δ 13 C proxies are particularly useful when thick accumulations of nonmarine strata (in excess of 100 meters) must be assessed to identify the ~200 kyr PETM interval.
The PETM has been linked with the massive release of isotopically light, exogenic carbon into the atmosphere and oceans (McInerney and Wing, 2011) . However, the source of this isotopically light carbon is still uncertain. Various researchers have proposed volcanic emissions, meteorite impacts, mantle degassing, extreme forest fires, widespread permafrost oxidation, and the release of methane clathrates (McInerney and Wing. 2011) . The release of methane clathrates is currently the most favored hypothesis, but it is difficult to rectify this carbon source with the magnitude of shallowing of the carbonate compensation depth in the ocean and the observed warming (McInerney and Wing. 2011) . Constraining the true magnitude of the isotopic excursion and carbon source or sources is critical in determining the climate's sensitivity to fluctuations in pCO 2 (McInerney and Wing 2011) . Having additional data from multiple geographic areas will yield a more accurate understanding of the carbon cycle perturbation and allows us to evaluate how local environmental conditions before, during, or after the PETM may have changed. The Western Interior of the United States is a particularly good location to undertake such a project as a series of intermontane basins preserve early Paleogene strata deposited during the Laramide Orogeny. The PETM has been identified in three of these basins, and in two of these three the PETM is identified in bulk organic δ 13 C values as well as other proxies (Magioncalda et al., 2004; Foreman et al., 2012; Baczynski et al., 2013; 2016) .
GEOLOGIC BACKGROUND
This study focuses on a bulk organic carbon isotope record derived from the early Paleogene Hanna Formation in the Hanna Basin of south-central Wyoming (Fig. 1) . The Hanna Basin is a Laramide structural basin formed during the Laramide Orogeny in the Late Cretaceous through early Paleogene (Dickinson et al., 1988) . The basin is surrounded by various basement involved uplifts including the Rawlins Uplift to the west, the Medicine Bow Mountains to the south, and the Seminoe-ShirleyFreezeout Hills mountains to the north. The Hanna Basin is anomalous in the thickness of accumulated strata amongst Laramide basins, preserving in excess of 12,000 meters of Cambrian through Miocene strata (Wroblewski, 2002) . The early Paleogene Hanna Formation is approximately 3500 meters of this total. The Hanna Formation spans deposition from approximately 62 Ma to at least 54 Ma based on scattered mammal fossils, palynology, and U-Pb detrital zircon geochronologic maximum depositional ages (Wroblewski, 2003 and references therein; Dechesne et al., in review) . The depositional environments within the Hanna Formation are diverse, and include fluvial, lacustrine, palustrine, and swamp lithofacies associations (Lillegraven and Snoke, 1996; Secord, 1998; Wroblewski, 2002; Dechesne et al., in review) . Within the stratigraphic interval of focus in this study thick, laterally continuous fluvial sandbodies are present as well as a variety of organicrich overbank facies above Coal 82 of Dobbin et al. (1929) . The large fluvial sandbody ("Big Channel" in Fig. 1 ) was traced laterally by Dechesne et al. (in review) to the Hanna Breaks area, where our second stratigraphic section is located.
METHODS
Two stratigraphic sections were measured, one near the basin center called Hanna Draw and one towards the northeast margin called Hanna Breaks (Fig. 1 ). Sections were measured using standard Jacob's staff and Brunton compass methods and corrected for local strike and dip of the strata (originally measured by Dechesne et al., in review) . The Hanna Draw section was a total of 285 meters thick, and the Hanna Breaks section was a total of 488 meters thick. The sections were trenched using hand tools to expose fresh sedimentary rock for standard lithofacies descriptions (e.g., grain size, sorting, bed contacts, sedimentary structures). Fist-sized samples of rock were obtained from trenched sections, wrapped in aluminum foil, and labeled with their stratigraphic height for carbon isotope analyses. In total 403 samples were obtained Keck Geology Consortium, v. 32, 2019 The Keck Geology Consortium, v. 32, 2019 from the Hanna Draw section representing an average spacing of every 0.7 meters. In the Hanna Breaks section, a total of 222 samples were obtained for an average spacing of 2.2 meters. However, in each section the stratigraphic spacing of samples varies due to outcrop limitations and an increase in sampling density in proximity to the Paleocene-Eocene boundary.
Samples were prepared for isotopic analysis by grinding each sample using a mortar and pestle into a fine powder. This is followed by removing any carbonate phases in the samples (diagenetic or cements) whose δ 13 C values can greatly differ from organic δ 13 C values. Approximately 1 gram of powder was loaded into labeled vials and subjected to an acid treatment. Initially, 30 mL of 0.5M HCl was added, the sample sealed and mixed using a vortex mixer. The sample was allowed to react for 12 hours, prior to centrifuging and decanting of reacted acid. This step was repeated a second time, and each sample reacted for a total of 24 hours. Finally, the sample was rinsed four times using deionized water using the same mix, centrifuging, and decanting process. After the rinsing steps the samples were dried in a freeze-dryer under a vacuum. The dry samples were then weighed (between 0.27 and 50.00 mg depending on expected %C content) in tin capsules. This overall preparation method is similar that applied by Magioncalda et al. (2004) and Baczynski et al. (2013; 2016) . The Total Organic Carbon composition and the isotopic values were analyzed at UC Davis Stable Isotope Facility using an elemental analyzer (Elementar Vario EL Cube) interfaced with a continuous flow isotope ratio mass spectrometer (PDZ Europa 20-20), and precision/accuracy assessed using internal standards (±0.2‰). All data are reported in standard deltanotation relative to VPDB. Replicates of samples in the Hanna Draw section (n = 50) display δ 13 C values within 0.40‰ ± 0.6 (1σ) of one another on average and a median offset of 0.2‰. Replicates of unknown samples in Hanna Breaks section (n = 75) display δ 13 C values within 0.3‰ ± 0.2 (1σ) with median offsets of 0.2‰. 
RESULTS

Figures
Fig. 2. Carbon isotope record through the Hanna Draw stratigraphic section. Red line is a LOESS smoothing average and dashed red line a 95% confidence interval. Grey zone demarks PETM interval.
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In each of the stratigraphic sections there is a high amount of variability in δ 13 C values (Figs. 2 & 3) , but also structure to the carbon isotope records up-section. In the Hanna Draw area δ 13 C values from the -40 to 0 m stratigraphic range from -24.3% to -26.8%. Then the δ 13 C value begin to decrease in the following 60 m to a lowest value of -30.1% at 42.75 m. This is then followed up by a large fluvial sand body. At the 120-meter level, δ 13 C values starts to increase again up to the 180-meter level where the highest value of δ 13 C is -21.42 % is achieved at 159.75 m.
In the Hanna Breaks section between 0 and 100 meters δ 13 C values range from -25.8‰ to -28.0‰ . Over the next ten meters, carbon isotope values decrease, with the lowest value in the section (-29.8‰) occurring at 107.6 meters. This decrease is approximately five meters below the first major sandstone unit, after which carbon isotope values remain low, although variable (the most positive value in the section, -20.1‰ also occurs at 126.4 m), until the 183.92-meter level when δ 13 C values increase again. Above 200 m, carbon isotope values become higher, with most values ranging from -24.3‰ to -28.0‰, but typically isotopically higher than those stratigraphically associated with the large fluvial sandbody.
The amount of organic carbon (%C) has an average of 5.7% ± 12.7% in Hanna Draw and 2.9% ± 4.7% in Hanna Breaks. Hanna Draw shows both greater variation and amount of %C. The major control on %C appears to be lithology. Coals and shales contain higher amounts of %C. Whereas the rest of Hanna Draw lithologies display significantly less %C in comparison, sandstones contain the least amount of %C. In the Hanna Breaks section %C shows a similar pattern. All %C have a relatively low standard 
Fig. 4. Relationship between carbon isotope value and percent carbon at Hanna Draw (A) and Hanna Breaks (B).
The Keck Geology Consortium, v. 32, 2019 
Identification of PETM
The PETM is an abrupt global warming event, less than 200 kyrs, and is preserved in marine records in a few stratigraphic meters (McInerney and Wing, 2011) . In nonmarine strata its stratigraphic thickness can reach to over 40 meters (Magioncalda et al., 2004; Foreman et al., 2012) . The greater thickness in nonmarine strata is likely related to higher overall sedimentation and subsidence rates. However, identifying the PETM is still nontrivial and requires additional chronostratigraphic constraints in addition to the aforementioned negative carbon isotope excursion. These commonly include magnetostratigraphic constraints, radiometric dates, and biostratigraphic constraints such as mammal and pollen fossils. Recently, colleagues have constrained the base of the Eocene within the Hanna Formation using the presence of Platycarya, an early Eocene indicator pollen taxa (Dechesne et al., in review) . The first appearance of this Eocene indicator essentially co-occurs with the negative carbon isotope excursion observed in both our stratigraphic sections (Fig. 2 &  3) . This strongly suggests this is the PETM, and it is bolstered by maximum depositional ages of ~54 Ma from U-Pb ages from detrital zircons stratigraphic higher in the column (Dechesne et al., in review) .
The magnitude of the excursion is between ~2‰ to 4‰ in the Hanna Draw and Hanna Breaks sections. This compares well with the typical size of the PETM excursion magnitude from a variety of nonmarine bulk organic δ 13 C values, which range from 2.2‰ to 4.6‰ (McInerney & Wing, 2011) . The size of the excursion in the Hanna Formation is roughly the same as it is in the Bighorn Basin (Magioncalda et al., 2004) and Piceance Creek Basin (Foreman et al., 2012) to the north and south of the Hanna Basin. Interestingly, these two basins are dominated by red-bed paleosol development and well-drained conditions on the floodplain. These depositional environments are the opposite of those observed in the Hanna Formation, which indicate poorly drained, wet floodplains. The size of the magnitude is approximately the same in all three basins, but the baseline, absolute δ 13 C values are lower in the Hanna Formation by 1-2‰. This offset is likely due to reduced water stress within the Hanna Formation as compared to the other basins (Kohn, (Cerling et al., 1993) . This is further supported by δ 13 C values only being in the ranges of expected C3 photosynthesis of −33‰ to −24‰ (O'Leary, 1988) . Water stress and plant functional type (e.g., angiosperm versus gymnosperm) can also influence δ 13 C values (Diefendorf et al., 2010; Kohn, 2010) . Greater water stress leads to higher δ 13 C values in plants and gymnosperms tend to exhibit lower δ 13 C values than evergreen angiosperms (Diefendorf et al., 2010; Kohn, 2010) . The only major change in precipitation/hydrologic change and vegetation overturn currently known in the Laramide region during the latest Paleocene is associated with the PETM itself (Wing et al., 2005) . Both factors would be expected to produce a protracted increase in δ 13 C values. This is not observed in the data. Instead greater than 1‰ of variability is observed over short stratigraphic intervals, sometimes even within a single bed or replicate samples. This suggests that something other than widespread hydrologic and vegetation changes are controlling δ 13 C values. Preservation and diagenesis of plant matter present in our samples could also be the source of this δ 13 C variation. By comparing the δ 13 C and %C and determining their relationship we can see if %C is contributing to the change in δ 13 C. As diagenetic alteration occurs and increases a logarithmic relationship wherein decreases in %C and higher δ 13 C values should develop (Benner et al., 1987; Wing et al., 2005; Wynn et al., 2006; Wynn, 2007) . Figure 4 illustrates the relationship between the two data sets, showing no strong relationship between δ 13 C and %C. Thus, most of the small-scale variability in δ 13 C values appears to be stochastic in character.
